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(57) ABSTRACT

A mechanical seal of an “outside type” for sealing a sealed
fluid that may leak from an inside periphery of a sliding face
towards an outside periphery 1s provided. The seal includes a
rotating-side sealing element and a stationary-side sealing
clement disposed so as to be situated externally with respect
to a stulling box. The stationary-side sealing element, which
accommodates a spring, 1s mnstalled on a seal cover that 1s
secured to the housing. The rotating-side sealing element 1s
installed on a collar that 1s 1nstalled directly on the rotating
shaft. The rotating side, which comprises the rotating-side
sealing element and the collar, 1s positioned such that rotation
takes place in the atmosphere on a machine-exterior side. A
balance ratio A2/A1 1s 1 or less, Al being an axial-direction
projection area of the sliding face of the stationary-side seal-
ing element and A2 being an axial-direction projection area
that 1s subjected to a seal fluid pressure acting as a motive
force 1n the axial direction relative to the stationary-side seal-
ing element. An annular cooling jacket 1s disposed between
an mside periphery of the housing and an outside periphery of
the rotating shatt.

10 Claims, 3 Drawing Sheets
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1
MECHANICAL SEAL

TECHNICAL FIELD

The present invention relates to a shait seal unit for high
temperature sealed liquids used, for example, 1n hot water
pumps or hot o1l pumps such as boiler feed pumps or conden-
sate pumps 1n thermal power plants.

BACKGROUND ART

To date, shaft seal units like that depicted 1n FIG. 3 for
example have been employed as shaft seal units used in hot
water pumps or hot o1l pumps such as boiler feed pumps or
condensate pumps 1n thermal power plants.

The shaft seal unit according to the prior art depicted in
FIG. 3 1s furnished with a contact mechanical seal of an
“inside” type (1.e., a design for sealing 1n a fluid that tends to
leak towards the iside periphery direction from the outside
periphery of the sliding faces). The shait seal unit 1s designed
such that a rotating-side sealing element 52 disposed next to
a rotating shatt 50 that drives an internal pump 1mpeller (not
shown) and that 1s capable of rotating 1n unison with this
rotating shaft 50 via a sleeve 51, and a stationary-side sealing,
clement 35 disposed nonrotatably and capable of motive
force 1n an axial direction on a seal cover 54 fixed to the
housing 53 of the pump, are placed 1n intimate contact sliding,
at their mutually opposed end faces by a spring 56 that urges
the stationary-side sealing element 55 1n the axial direction.
Specifically, the contact mechanical seal 1s intended to pre-
vent high-temperature, high-pressure liquid inside the system
(inside the pump) from leaking on the machine-exterior side
from the outside periphery of the rotating shatt 50 at the
mutual sliding portions S of the rotating-side sealing element
52 and the stationary-side sealing element 55.

When this type of contact mechanical seal 1s employed as
shaft sealing means 1n a hot water pump or hot o1l pump such
as a boiler feed pump or condensate pump, the fact that the
sealed fluid 1s at high temperature and high pressure means
that the constituent components may experience deformation
induced by pressure, or the high temperature sealed fluid or
heat produced i the slhiding portions S may give rise to
thermal deformation and deterioration of materials of the
constituent components, present concerns related to inconsis-
tent sealing ability. Thus, 1n the prior art, some systems were
configured such that a portion of the sealed fluid that flows 1n
from inside the system and fills the space 57 to the outside
periphery side of the mechanical seal 1s fed from a seal fluid
outlet 59 of the seal cover 54 to a cooler 61 via a flushing line
60 by a partial impeller 58 formed on the sleeve 31 and
rotating 1n umson with the rotating shaft 50, where the tluid 1s
cooled and then recirculated 1into the space 57 via a flushing
line 62 and a seal fluid inlet 63 of the seal cover 54, to effect
cooling of the mechanical seal through this recirculation of
the sealed fluid (heremafter termed “Prior Art 1.” See Patent
document 1 for example).

However, Prior Art 1 discussed above has the following
problems.

(1) In order to cool the mechanical seal, it 1s necessary to
provide flushing lines, a cooler, and a large quantity of coolant
for the cooler.

(2) A pumping ring 1s required, and there 1s an associated
increase in the installation space required and 1n power con-
sumption. Installing a pumping ring limits the length of the
inside periphery of the stulling box and the shait throttle
portion, and therefore the cooling effect of the water cooled
jacket housed within the stuiling box 1s insufficient.
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(3) Because the mechanical seal 1s a single seal of an
“inside balanced” type, 1t 1s necessary for the rotating-side
sealing element to be 1nstalled on the outside periphery of the
sleeve, increasing the size of the mechanical seal by the
equivalent of the sleeve thickness. If the mechanical seal 1s
large 1n s1ze, the peripheral speed at the sliding face increases,
resulting 1n a high load on the sliding face. Also, the sliding
tace, which 1s the heat radiating component, 1s located 1nside
the stulling box, where 1t cannot be atforded cooling action by
the outside air.

(4) The seal end face width of the mechanical seal exceeds
2.5 mm, and due to the high heat produced by sliding, flushing
1s indispensible in order to eliminate the heat; this requires a
large flushing flow, which therefore necessitates high flow
(Q)-pump head (H) on the part of the pumping ring.

(5) In order to cool the mechanical seal, 1n some 1nstances
water 1s supplied to the sliding portions S at the outside air
side thereot (1n the case of FIG. 3, to the mside of the sliding
portions S) to carry out quenching, but due to the high tem-
perature, the quenching water evaporates and deposits cal-
cium present 1n the water, which in some 1nstances may lead
to se1zing and leaking of the mechanical seal.

Another known mechanical seal structure 1s an externally
mounted sleeveless mechanical seal of stationary of an “out-
side balanced type” wherein the mechanical seal 1s 1nstalled
on the outside of the stulling box, having a collar directly
installed on the rotating shaft and a rotating ring installed on
the outside periphery of the collar, and furnished with tlush-
ing equipment (heremafter termed “Prior Art 2”. See Patent
document 2 for example).

However, Prior Art 2 also has the problem that 1n order to
cool the mechanical seal, it 1s necessary to provide flushing
lines, a cooler, and a large quantity of coolant for the cooler.

PRIOR ART REFERENCES

Patent Documents

Patent Document 1: Japanese Laid-Open Patent Applica-
tion 2002-98237
Patent Document 2: Japanese Laid-Open Patent Applica-

tion 2006-0223778

DISCLOSURE OF THE INVENTION

Problem To Be Solved By The Invention

It1s an object of the present invention to provide a mechani-
cal seal for igh temperature sealed liquids used, for example,
in hot water pumps or hot o1l pumps such as boiler feed pumps
or condensate pumps in thermal power plants, wherein a
construction 1n which a sealing element 1s 1nstalled outside
the stulling box and cooling means 1s disposed inside the
stulling box 1s employed, thereby giving the mechanical seal
a no-tflushing and no-cooler design.

Means for Solving the Problem

In order to attain the atorementioned object, the mechani-
cal seal according to a first aspect of the present invention 1s
a mechanical seal installed on a shaft seal portion formed
between a housing and a rotating shatt, and providing a seal
between the housing and the rotating shaft, the mechanical
seal characterized in that the mechanical seal 1s of an “outside
type” for sealing a sealed fluid that may leak from an inside
periphery of a sliding face towards an outside periphery; a
rotating-side sealing element and a stationary-side sealing
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clement are disposed so as to be situated externally with
respect to a stulling box; the stationary-side sealing element,
which accommodates a spring, 1s installed on a seal cover that
1s secured to the housing; the rotating-side sealing element 1s
installed on a collar that 1s 1nstalled directly on the rotating
shaft; the rotating side, which comprises the rotating-side
sealing element and the collar, 1s positioned such that rotation
takes place 1n the atmosphere on a machine-exterior side; a
balance ratio A2/A1l 1s 1 or less, Al being an axial-direction
projection area of the sliding face of the stationary-side seal-
ing element and A2 being an axial-direction projection area
that 1s subjected to a seal fluid pressure acting as a motive
force 1n the axial direction relative to the stationary-side seal-
ing element; and an annular cooling jacket 1s disposed
between an 1nside periphery of the housing and an outside
periphery of the rotating shaft.

According to the first aspect, a no-flushing and no-cooler
design 1s possible despite the sealed fluid being a high tem-
perature fluid; 1n addition, since there 1s no need for flushing,
lines, a cooler, a coolant line for the cooler, and the like, not
only 1s the 1nmitial cost lower for the mechanical seal, appre-
ciable reduction in 1nitial cost 1s possible due to the more
compact size. Concomitantly, it 1s possible to avoid reduced
thermal efficiency of the system as a whole due to cooled
liquid entering the pipeline system. Moreover, coolant for the
cooler 1s unnecessary, atfording appreciable reductions in
water usage while at the same time eliminating the need for
maintenance of the cooler and flushing system. Additionally,
there 1s no need for a pumping ring and ancillary components,
and the stulling box can be shorter, while because there 1s no
need to operate a pumping ring, running costs are signifi-
cantly lower as well.

Further, because the rotating-side sealing element and the
stationary-side sealing element are installed on the outside of
the stulling box, heat of sliding 1s easily radiated away, and
the cooling jacket disposed inside the stuifing box can have
greater capacity. Additionally, because the rotating side 1s
positioned such that rotation takes place in the atmosphere on
the machine-exterior side, forced air cooling with outside air
1s possible.

Additionally, owing to the outside stationary balanced type
sleeveless cartridge design, seal size may be reduced by the
equivalent of the sleeve thickness, peripheral speed at the
sliding face 1s lower, and the load on the sliding face 1s lower.

The mechanical seal according to a second aspect of the
present invention 1s the mechanical seal according to the first
aspect, characterized 1n that a coolant-accommodating space
that communicates with coolant feed and discharge openings
provided to the stulfing box 1s present 1n a central region of the
cooling jacket, and the cooling jacket 1s hermetically installed
along the inside periphery of the housing with O-rings inter-
posed at the outside periphery on both ends; and the gap .
between the outside periphery of the cooling jacket and the
inside periphery of the housing 1s made larger than the gap 3
between the outside periphery of the rotating shaft and the
inside periphery of the cooling jacket.

According to the second aspect, the gap between the out-
side periphery of the rotating shaft and the inside periphery of
the cooling jacket may be kept extremely small and the vol-
ume of the mtervening seal fluid present in this gap may be
kept extremely small, whereby the cooling effect of the cool-
ing jacket 1s maximized. Moreover, 1n the unlikely event of
the rotating shait wobbling and the outside periphery of the
rotating shaft contacting the inside periphery of the cooling
jacket, the fact that the impact 1s absorbed by the cushioming,
action provided by the elasticity of the O rings allows the
contact surface pressure to be kept to a minimum, grinding or
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wear of the two components due to contact sliding to be
prevented, and the initial gap to be maintained and cooling

elfect by the cooling jacket maximized for a long period of
time.

The mechanical seal according to a third aspect of the
present 1mvention 1s the mechanical seal according to the
second aspect, characterized 1n that a plurality of fins are
disposed within the coolant-accommodating space towards
the outside periphery of the rotating shatt.

According to the third aspect, the heat transmission area
can be increased, and the axial length of the cooling jacket can
be reduced.

The mechanical seal according to a fourth aspect of the
present invention 1s the mechanical seal according to any of
the first to thuird aspects, characterized 1n that the seal cover 1s
provided with a quenching opening for supplying air or an
inert gas such as nitrogen gas to a machine-exterior side of the
sliding portions of the rotating-side sealing element and the
stationary-side sealing element.

According to the fourth aspect, the sliding faces can be
cooled directly, and cooling efiect can be enhanced.

The mechanical seal according to a fifth aspect of the
present invention 1s the mechanical seal according to any of
the first to fourth aspects, characterized in that a lip seal made
of a fluororesin 1s 1nstalled between the rotating-side sealing
clement and the collar, and the seal portion of the lip seal 1s
caused to slide 1n contact with a restriction surface of the
inside periphery of the seal cover.

According to the fifth aspect, any hazard posed by scatter-
ing of leaked tluid can be prevented, and leaked fluid does not
scatter towards the bearing box, thus preventing damage to
the bearing box.

Eftects of the Invention

The present mvention affords the following exceptional
elfects.

(1) The mechanical seal 1s of an “outside type” for sealing
a sealed flmd that may leak from an inside periphery of a
sliding face towards an outside periphery; a rotating-side
sealing element and a stationary-side sealing element are
disposed so as to be situated externally with respect to a
stulling box; the stationary-side sealing element, which
accommodates a spring, 1s installed on a seal cover that 1s
secured to the housing; the rotating-side sealing element 1s
installed on a collar that 1s 1nstalled directly on the rotating
shaft; the rotating side, which comprises the rotating-side
sealing element and the collar, 1s positioned such that rotation
takes place 1n the atmosphere on a machine-exterior side; a
balance ratio A2/Al 1s 1 or less, Al being an axial-direction
projection area of the sliding face of the stationary-side seal-
ing element and A2 being an axial-direction projection area
that 1s subjected to a seal fluid pressure acting as a motive
force 1n the axial direction relative to the stationary-side seal-
ing eclement; and an annular cooling jacket 1s disposed
between an 1nside periphery of the housing and an outside
periphery of the rotating shatt. Such a configuration affords a
no-flushing and no-cooler design despite the sealed fluid
being a high temperature fluid. In addition, since there 1s no
need for flushing lines, a cooler, a coolant line for the cooler,
and the like, not only 1s the 1mitial cost lower for the mechani-
cal seal, the mitial cost can be appreciably reduced as a result
of the more compact size. Concomitantly, it 1s possible to
avold reduced thermal efficiency of the system as a whole due
to cooled liquid entering the pipeline system. Moreover, cool-
ant for the cooler 1s unnecessary, atfording appreciable reduc-
tions 1 water usage while at the same time eliminating the
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need for maintenance of the cooler and flushing system. Addi-
tionally, there 1s no need for a pumping ring or ancillary
components, and the stulling box can be shorter, while the
absence of any need to operate a pumping ring significantly
reduces running costs as well. Further, heat of sliding 1s easily
radiated away, and the rotating side undergoes forced air
cooling with outside air. Additionally, the seal size may be
reduced by the equivalent of the sleeve thickness, whereby
peripheral speed at the sliding face 1s lower, and the load on
the sliding face 1s lower.

(2) A coolant-accommodating space that communicates
with coolant feed and discharge openings provided to the
stulling box 1s present 1n a central region of the cooling jacket,
and the cooling jacket 1s hermetically installed along the
inside periphery of the housing with O-rings interposed at the
outside periphery on both ends; and the gap between the
outside periphery of the cooling jacket and the 1nside periph-
ery of the housing 1s made larger than the gap between the
outside periphery of the rotating shaft and the inside periph-
ery of the cooling jacket. According to such a configuration,
the gap between the outside periphery of the rotating shait and
the 1nside periphery of the cooling jacket may be constricted
to an extremely small size and the intervening seal fluid
present 1n this gap may be kept to an extremely small volume,
so that the cooling effect of the cooling jacket 15 maximized.
Moreover, 1n the unlikely event of the rotating shait wobbling
and the outside periphery of the rotating shait contacting the
inside periphery of the cooling jacket, the fact that the impact
1s absorbed by the cushioning action provided by the elastic-
ity of the O rings allows the contact surface pressure to be kept
to a minimum, grinding or wear of the two components due to
contact sliding to be prevented, the initial gap to be main-
tained, and the cooling effect produced by the cooling jacket
to be maximized for a prolonged period of time.

(3) A plurality of fins are disposed within the coolant-
accommodating space towards the outside periphery of the
rotating shatt, whereby the heat transmission area can be
larger, and the axial length of the cooling jacket can be
smaller.

(4) The seal cover 1s provided with a quenching opening for
supplying air or an iert gas such as nitrogen gas to a
machine-exterior side of the sliding portions of the rotating-
side sealing element and the stationary-side sealing element,
whereby the sliding faces can be cooled directly, and cooling,
elfect can be enhanced.

(5) A lip seal made of a fluororesin 1s 1nstalled between the
rotating-side sealing element and the collar, and the seal
portion of the lip seal 1s caused to slide 1n contact with a
restriction surface of the inside periphery of the seal cover.
According to such a configuration, any hazard posed by scat-
tering of leaked fluid can be prevented, and leaked fluid does
not scatter towards the bearing box, thus preventing damage
to the bearing.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a front sectional view depicting the entire
mechanical seal according to an embodiment of the mven-
tion;

FI1G. 2 1s afragmentary enlarged view depicting an enlarge-
ment of relevant parts in FIG. 1; and

FIG. 3 1s a front sectional view depicting Prior Art 1.

MODE FOR CARRYING OUT THE INVENTION

A preferred mode for carrying out the mechanical seal
according to the present invention 1s described in detail herein
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with reference to the accompanying drawings, but the inven-
tion should not be construed as being limited to the disclosure
herein; various changes, modifications, and 1mprovements
will be apparent to the practitioner of the art without departing
from the scope of the invention.

FIG. 1 1s a front sectional view depicting the entire
mechanical seal according to an embodiment of the mnven-
tion; and FIG. 2 1s a fragmentary enlarged view depicting an
enlargement of relevant parts in FIG. 1.

Themechanical seal 1 1s intended to provide a seal between
a housing 2 of a shaft seal portion, and a rotating shait 3
accommodated within a shaft bore 10 of the housing 2, 1n a
pump for circulating a high temperature liquid in excess of
200° C., e.g. a hot water pump or hot o1l pump such as a boiler
teed pump or condensate pump in a thermal power plant. The
mechanical seal 1 1s of cartridge type designed for installation
between the housing 2 and the rotating shaift 3.

In FIG. 1, the left side 1s the machine-interior side, and the
right side 1s the machine-exterior side (outside air side).

The rotating shait 3 1s disposed passing through the shaift
bore 10 of the housing 2. Using fastening means such as a bolt
6. a seal cover 5 1s 1nstalled on the exterior side face 4 about
the shaft bore 10 of the housing 2, and a stationary-side
sealing element (heremnafter termed a “sealing ring™™) 7 and a
rotating-side sealing element (heremaiter termed a “mating,
ring’”’) 8 which make up the mechanical seal 1 are disposed in
the space to the inside of the seal cover 5 and the outside of the
rotating shaft 3.

A stuiling box 9 of expanded diameter shape 1s formed
towards the machine-exterior side of the shaft bore 10 of the
housing 2, and a cooling jacket 11 1s disposed within the
stulling box 9. Thus, the mating ring 8 and the seal ring 7 are
disposed at locations outside the stuiling box 9, 1.¢., at the
machine-exterior side. Therefore, the cooling jacket 11 can be
given sulficiently large capacity, and by situating the sliding
faces of the mating ring 8 and the seal ring 7 to the outside air
side, heat of sliding 1s not trapped.

The mechanical seal 1 1s one of an “outside type” adapted
to seal a sealed fluid 12 tending to leak towards the outside
periphery direction from the inside periphery of the shiding
faces S of the seal ring 7 and the mating ring 8.

The seal cover 5 1s annular 1n shape so as to encircle the
rotating shaft 3, and an opening 1s formed 1n the axial direc-
tion 1n the interior thereof. As shown 1n FIG. 2, the inside
periphery face of the seal cover 5 in which the opening 1s
formed defines, 1n order from the machine-interior side
towards the machine-exterior side, a mating face 3C, a space
portion (heremnatfter termed an “annular groove™) 3G, and a
restriction surface 5F. Of these, the annular groove 5G 1s
formed between the mating face 5C and the restriction surface
5F, and has larger diameter than the outside diameter of the
mating face 5C. The width dimension of the annular groove
5G 1n the axial direction 1s sufliciently large that most of the
seal ring 7 and the mating ring 8 are accommodated to the
inside periphery of the annular groove 5G. Furthermore, the
restriction surface SF 1s formed on the 1nside periphery of the
front face of the seal cover 5 (towards the machine-exterior
side), 1n order to increase the axial direction width of the
annular groove 5@G.

A positioning portion 5T 1s disposed surrounding the open-
ing at the front face of the seal cover 5. This positioning
portion 5T 1s formed with a protruding axial end 1n order to
provide a positioning groove 5B on the outside periphery.

A traveling face 7D of the seal ring 7 mates with the mating
tace 5C ofthe seal cover 5 1n such a way to permit travel along
the axial direction. A first seal groove 7B for an O ring
adapted to provide a seal with the mating face 5C 1s formed on
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the traveling face 7D of the seal ring 7. This first seal groove
7B may be furnished, for example, with a large gap at the
machine-interior side with respect to the mating face 5C in
order to facilitate cleaning of deposits. An O ring 13A 1s
mounted within this first seal groove 7B. The material of this
O ring 13A may be a fluororubber, nitrile rubber, H-NBR,
EPDM, a pertluoro elastomer, or the like.

Additionally, a sliding seal face 7A 1s formed on the seal
ring 7, on the end face on the opposite side thereof from the
first seal groove 7B. A flange 7F 1s formed on the outside
periphery side of the seal rning 7. A guide groove 7G 1s formed
in this flange 7F. A fastening pin 14 1s mounted by pressure
fitting 1nto an engagement hole disposed 1n the side face of the
annular groove 5G of the seal cover 5. The guide groove 7G
engages the fastening pin 14 in such a way to permit travel
thereot, and this fastening pin 14 permits travel of the seal
ring 7 1n the axial direction but detains 1t in the rotational
direction. As shown 1n FIG. 1, the seal cover 5 1n the portion
thereol facing the flange 7F 1s provided with spring seats SH
of cavitated form situated at multiple locations in the circum-
terential direction. Coil springs 15 distributed equally along
the periphery face are then seated in the spring seats SH, and
resiliently push against the seal ring 7.

The seal ring 7 has a design of balanced type 1n which the
balance ratio A2/Al1 1s 1 or less, where Al 1s the axial-
direction projection area of the sliding seal face 7A of the seal
ring 7 and A2 is the axial-direction projection area that 1s
exposed to seal fluid pressure (sealed fluid pressure) acting as
motive force 1n the axial direction on the seal ring 7, a design
which reduces the load imposed on the sliding faces S by seal
fluid pressure.

The seal ring 7 1s fabricated from S1C by a specialty con-
version process (a carbon surface 1s partially converted to SiC
to enhance surface strength, imparting the material with both
the wear resistance ol S1C and the self-lubricating properties
of carbon). It could also be made of diamond-coated Si1C.

As shown 1n FIG. 1, the seal cover 5 1s provided with a
plurality of quenching opemings 16 arranged along the cir-
cumierential direction and passing from the outside periphery
face SA to the annular groove 5G interior, and a quenching
fluid V of atr or an 1nert gas such as nitrogen gas 1s delivered
from the quenching openings 16 situated on the horizontal,
and drained from quenching openings 16 situated directly
underneath.

While FIG. 1 depicts the quenching fluid V as being deliv-
ered from quenching openings 16 situated directly under-
neath, 1n actual practice 1t 1s delivered from quenching open-
ings 16 situated on the horizontal.

The delivered quenching fluid V 1s then mjected directly
from the quenching openings 16 to the outside periphery side
of the sliding faces S of the seal ring 7 and the mating ring 8.
This delivered quenching fluid V 1s then circulated 1nside the
annular groove 5G and expelled via the quenching openings
16 directly undemneath. During this process, heat produced
during sliding of the sliding faces S 1s cooled, and any 1impu-
rities deposited on the seal ring 7 and the mating ring 8 are
cleaned away.

Additionally, an air vent 18 for the purpose of venting the
vapor component of the sealed tluid 12 1s disposed at a loca-
tion directly above 1n the circumierential direction of the seal
cover 5. This air vent 18 communicates with the sealed fluid
12 via a passage hole, not shown, provided in the seal cover 5.

Meanwhile, the collar 20 1s provided on the inside periph-
ery with an engaging periphery face 20C and a second seal
groove 20B. This engaging periphery face 20C engages the
outside periphery face 3A oftherotating shaft 3, and an O ring
13C installed 1n the second seal groove 20B provides a seal
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between the engaging faces of the two components. The distal
end of a set screw 21 which has been threaded 1nto the collar
20 1s retained on the outside periphery face 3A of the rotating
shaft 3 to secure the collar 20 to the rotating shaft 3. The
outside periphery of the collar 20 1n the portion thereot situ-
ated to the 1mside of the mating ring 8 defines a linking face
20D. A retaining face 208 1s disposed on an annular step face
provided at the outside periphery side of the linking face 20D.
Additionally, a drive pin 22 1s mounted by bring press-fit into
an engagement hole disposed in the retaiming face 20S of the
collar 20. Thus, there 1s no need to provide a sleeve on the
shaft outside periphery, the seal size may be reduced by the
equivalent of the sleeve thickness, peripheral speed at the
sliding face 1s lower, and the load on the sliding face 1s lower.

As shown 1n FIG. 2, a sliding seal face 8 A 1s formed at one
edge of the mating ring 8. This sliding seal face 8A 1s
designed to be capable of sliding while 1n 1intimate contact
against the sliding seal face 7A of the seal ring 7. Addition-
ally, a seal face 8D 1s provided at the outside periphery of the
mating ring 8. This seal face 8D proximally mates with the
restriction surface SF of the positioning portion 3T through
gap C disposed therebetween. Through proximal mating of
this seal face 8D and the restriction surface SF, the quenching
fluid V delivered from the quenching openings 16 1s blocked
by the action of the gap C. Further, a step face 8B for sealing
purposes 1s formed on the inside periphery face 8C of the
mating ring 8. An O ring 13B 1s mounted on this step face 8B,
providing a seal between the engaging faces of the inside
periphery face 8C of the mating ring 8 and the linking face
20D of the collar 20. A pin recess 8G 1s formed on a joining
face 8E situated at the end of the mating ring 8 on the
machine-exterior side. A drive pin 22 that has been screwed
into an engagement hole 1n the collar 20 1s mserted 1nto this
pin recess 8G to fasten the mating ring 8 and the collar 20 to
one another such that the two components do not travel in the
circumierential direction. Rotational force of the collar 20 1s
transmitted to the mating ring 8 by the drive pin 22. In this
way, the rotating side comprising the mating ring 8, the collar
20, and the like 1s disposed such that rotation takes place in the
outside air at the machine-exterior side. Thus, the rotating
side experiences forced cooling by the atmosphere. Addition-
ally, because the section of the rotating side that contacts the
seal fluid 1s limited to the seal fluid side-facing edge faces of
the mating ring 8 and the collar 20, the contact surface area
with the seal fluid 1s small, and heat arising from rotational
triction during high speed rotation 1s minimal.

Moreover, the mating ring 8 1s fabricated of material such
as S1C produced by a specialty conversion process, S1C pro-
duced by another method, a cemented carbide or other
ceramic, or another material. It may also be fabricated of
diamond coated S1C.

By using S1C produced by a specialty conversion process
for the seal ring 7 and/or the mating ring 8 to impart lubricity
and wear resistance, changes 1n sliding face conditions with
operation for an extended period may be prevented.

Where the diameter of the rotating shait 3 lies within a
range ol 100 mm or less, 1t 1s preferable to set the width of the
sliding faces S of the mating ring 8 and the seal ring 7 to 1.5
mm or less, and the balance ratio A2/A1 to 0.7 or less.

Where the diameter of the rotating shaft 3 lies within a
range of above 100 mm but not more than 200 mm, 1t 1s
preferable to set the width of the sliding faces S of the mating
ring 8 and the seal ring 7 to 2.0 mm or less, and the balance
ratio A2/A1 to 0.7 or less. Thus, the liquid pressure action
surface area may be kept to a mimimum, and pressing force
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arising from fluid pressure may be minimized, thereby afford-
ing a low-heat emission design in which heat emission may be
kept to a minimum as well.

Further, regardless of which of the above ranges the diam-
cter of the rotating shaftt 3 lies in, 1n preferred practice the gap
between the inside periphery of the seal ring 7 and the outside
periphery 3A of the rotating shait 1s 2.5 mm or greater. By
providing such a large gap between the inside periphery of the
seal ring 7 and the outside periphery 3A of the rotating shaft
so that seal fluid may flow through, heat can be prevented
from accumulating 1n proximity to the sliding faces due to
heat of sliding, and temperature rise can be kept to a mini-
mum.

A lip seal 23 adapted to block the gap C between the
restriction surface SF and the seal face 8D 1s formed from a
PTFE maternial as shown 1n FIG. 1. Specifically, this lip seal
23 1s ring shaped with a mounting portion 23B formed 1n a
vertical portion at the 1nside periphery side of a generally L
shaped cross section, and a seal portion 23A formed in a
generally horizontal portion at the outside perlphery side. The
mounting portlon 23B is clamped between the joining face 8E
of the mating ring 8 and the retaining face 208 of the collar 20.
The horizontal portion 23 A opens at 90 degrees or more with
respect to the vertical portion 23B, and in the installed con-
dition the seal portion 23 A by virtue of the elasticity thereof
1s intimate contact with the restriction surface SF. By furnish-
ing this lip seal 23, the pressure of the quenching fluid V
inside the annular groove 5G can be increased. Higher pres-
sure of the quenching fluid V affords a cleaning action by
pushing back impurities that tend to become deposited on the
sliding face of the O ring 13A. Moreover, better operation 1n
response to intimate contact of the sliding seal face 7A of the
seal ring 7 against the sliding seal face 8 A of the mating ring
8 1n the axial direction 1s atforded. Additionally, leaked flmd
does not get sprayed towards the bearing box, thereby pre-
venting damage to the bearing, and preventing danger posed
by splattering of leaked fluid.

A gasket 24 1s disposed 1n the seal cover 5 between it and
the housing 2, providing a seal between the housing 2 and the
seal cover 5. This gasket 24 1s fabricated of material such as
rubber, metal coated with resin or rubber, or the like.

Further, the annular groove 3G of the seal cover 5 may be
formed with a large dimension in the axial direction so as to
cover most of the seal nng 7 and the mating ring 8. The side
face on the machine-interior side of this annular groove 3G 1s
formed so as to be situated in proximity to the first seal groove
7B of the seal ring 7. Additionally, the side of the annular
groove 3G that faces the mating ring 8 may be extended to the
medial portion of the mating ring 8. The outside periphery
face of the annular groove 5G may be formed with a large
diameter as well. A configuration whereby the quenching
fluid V delivered from the quenching openings 16 can be
delivered directly to the outside diametrical face of the sliding
faces S 1s also acceptable. Because the width of the annular
groove 5G 1s large enough to cover the outside periphery of
the seal ring 7 and the mating ring 8, even if heat 1s produced
by friction at the sliding surfaces S of the seal ring 7 and the
mating ring 8, cooling 1s produced by the quenching fluid V
flowing through the annular groove 3G, and a cleaning action
1s afforded as well.

As shown 1n FIG. 1, the seal cover 5 and the collar 20 are
simultaneously positioned and assembled by fitting a protrud-
ing portion 27 of a set plate 25, which has been mounted onto
the collar 20 with a bolt 26, into the positioning groove 3B of
the seal cover 5. Then, once the mating ring 8 has been
positioned, the set screw 21 1s securely screwed into the
rotating shait 3 to secure the collar 20 to the rotating shatt 3.
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The setplate 235 has a cross sectional profile like that shown 1n
FIG. 1, and 1s mounted at three equally distributed locations

on the periphery face of the collar 20. This set plate 25 may be
detached subsequent to assembly.

Meanwhile, the ring-shaped cooling jacket 11 1s disposed
between the iside periphery of the housing 2 and the outside
periphery of the rotating shaft 3 within the stuifing box 9
which 1s formed towards the machine-exterior side of the
shaft bore 10 of the housing 2. The cooling jacket 11 has in the
center section a coolant-accommodating space 30 furnished
with a coolant feed opening 28 disposed directly underneath
the circumierential location of the stuifing box 9 and a coolant
discharge openming 29 disposed directly above; and 1s pro-
vided on the outside periphery at each end with O ring
grooves 32, 32 forinstallation of the respective O rings 31, 31.
The thickness of the O rings 31 1s greater than the depth of the
O ring groove 32. A plurality of fins 33 are disposed inside the
coolant-accommodating space 30 of the cooling jacket 11,
towards the outside periphery side of the rotating shaft.

The cooling jacket 11 1s installed in sealed fashion along
the 1inside periphery of the housing 2 via the O rings 31, and
1s 1nstalled such that there 1s a gap a between the outside
periphery of the cooling jacket 11 and the inside periphery of
the housing 2. The gap a between the outside periphery of the
cooling jacket 11 and the inside periphery of the housing 2 1s
greater than the gap p between the outside periphery of the
rotating shaft 3 and the inside periphery of the cooling jacket
11. The gap 3 between the outside periphery of the rotating
shaft 3 and the inside periphery of the cooling jacket 11 1s set
to between 0.1 and 0.2 mm.

Thus, the cooling jacket 11 1s disposed 1nside the stuiling
box 9, and the gap between the outside periphery of the
rotating shait 3 and the inside periphery of and the cooling
jacket 11 1s reduced to an extremely small size, making the
volume of mtervening seal fluid 1n this gap extremely small,
whereby the cooling effect of the cooling jacket may be
maximized. Thus, the water cooled jacket provided to the
conventional housing 2 1s no longer necessary, allowing the
design to be more compact. Moreover, by making the gap o
between the outside periphery of the cooling jacket 11 and the
inside periphery of the housing 2 larger than the gap f3
between the outside periphery of the rotating shaft 3 and the
inside periphery of the cooling jacket 11, 1n the unlikely event
of the rotating shait 3 wobbling and the outside periphery 3A
of the rotating shaft contacting the inside periphery of the
cooling jacket 11, the fact that the impact 1s absorbed by the
cushioming action provided by the elasticity of the O rings
allows the contact surface pressure to be kept to a minimum,
orinding or wear of the two components due to contact sliding
to be prevented, the mitial gap to be maintained, and the
cooling effect by the cooling jacket 11 to be maximized for an
indefinite period.

KEY TO SYMBOLS

1 mechanical seal

2 housing

3 rotating shaft

4 machine-exterior side face of housing

5 seal cover

6 bolt

7 stationary-side sealing element (seal ring)
8 rotating-side sealing element (mating ring)
9 stuiling box

10 shait bore

11 cooling jacket

12 sealed fluad
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13 O ring

14 fastening pin

15 coil spring

16 quenching opening,

18 air vent

20 collar

21 set screw

22 drive pin

23 lip seal

24 gasket

25 set plate

26 bolt

277 protruding portion

28 coolant feed opening

29 coolant discharge opening
30 coolant-accommodating space
31 O nng

32 O ring groove

33 fin

The mvention claimed 1s:

1. A mechanical seal for a shait seal unit for high tempera-
ture liquids, 1nstalled on a shaftt seal portion formed between
a housing and a rotating shait of a device, and providing a seal
between the housing and the rotating shait, wherein the
mechanical seal 1s of an “outside type” for sealing a sealed
fluid that may leak from an inside periphery of a sliding face
towards an outside periphery; a rotating-side sealing element
and a stationary-side sealing element are disposed so as to be
situated externally with respect to a stuiling box which 1s
formed between an inside periphery of the housing and an
outside periphery of the rotating shait; a stationary-side seal-
ing element, which accommodates a spring, 1s installed on a
seal cover that 1s secured to the housing; the rotating-side
sealing element 1s 1installed on a collar that 1s installed directly
on the rotating shaft; the rotating side, which comprises the
rotating-side sealing element and the collar, 1s positioned
such that rotation takes place on a machine-exterior side; a
balanceratio A2/A1 15 0.7 or less, Al being an axial-direction
projection area of the sliding face of the stationary-side seal-
ing element and A2 being an axial-direction projection area
that 1s subjected to a seal fluid pressure acting as a motive
force 1n the axial direction relative to the stationary-side seal-
ing element; and an annular cooling jacket 1s disposed within
the stulling box which 1s formed between the inside periphery
of the housing and the outside periphery of the rotating shaft,
and a gap between the outside periphery of the rotating shaft
and an 1nside periphery of the cooling jacket 1s reduced to an
extremely small size, and a gap between the 1nside periphery
of the stationary-side sealing element and the outside periph-
ery of the rotating shait 1s 2.5 mm or greater, wherein the
annular cooling jacket includes a coolant-accommodating
space for accommodating a coolant fluid that 1s different from
the sealed fluid, and that communicates with coolant feed and
discharge openings provided to the stuiling box, 1s present 1n
a central region of the annular cooling jacket, and a plurality
of fins are disposed within the coolant-accommodating space
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towards the outside periphery of the rotating shaft, and the
annular cooling jacket 1s provided on an outside periphery at
cach end with O ring grooves for installation of respective O
rings, and a thickness of the O rings 1s greater than a depth of
the O ring groove, and the annular cooling jacket 1s hermeti-
cally installed along the 1nside periphery of the housing with
O-rings interposed at the outside periphery on both ends; and

a gap a between the outside periphery of the annular cooling

jacket and the 1nside periphery of the housing 1s made larger

than a gap 3 between the outside periphery of the rotating
shaft and the 1inside periphery of the cooling jacket, wherein
due to the rotating-side sealing element and the stationary-
side sealing element being installed on the outside of the
stulling box, heat of sliding may be radiated away, and the
annular cooling jacket disposed inside the stuiling box can
have greater capacity, and due to the rotating side being
positioned such that rotation takes place in the atmosphere on
a machine-exterior side, forced air cooling with outside air
also may be provided.

2. The mechanical seal according to claim 1, wherein the
seal cover 1s provided with a quenching opening for supply-
ing air or an inert gas to a machine-exterior side of the sliding
portions of the rotating-side sealing element and the station-
ary-side sealing element.

3. The mechanical seal according to claim 1, wherein a lip
seal made of a fluororesin 1s installed between the rotating-
side sealing element and the collar, and a seal portion of the lip
seal 1s caused to slide 1n contact with a restriction surface of
the mnside periphery of the seal cover.

4. The mechanical seal according to claim 1, wherein the
seal cover 1s provided with a quenching opening for supply-
ing air or an inert gas to a machine-exterior side of the sliding
portions of the rotating-side sealing element and the station-
ary-side sealing element.

5. The mechanical seal according to claim 1, wherein a lip
seal made of a fluororesin 1s installed between the rotating-
side sealing element and the collar, and a seal portion of the lip
seal 1s caused to slide in contact with a restriction surface of
the mnside periphery of the seal cover.

6. The mechanical seal according to claim 2, wherein a lip
seal made of a fluororesin 1s installed between the rotating-
side sealing element and the collar, and the seal portion of a lip
seal 1s caused to slide 1n contact with a restriction surface of
the inside periphery of the seal cover.

7. The mechanical seal according to claim 4, wherein a lip
seal made of a fluororesin 1s installed between the rotating-
side sealing element and the collar, and a seal portion of the lip
seal 1s caused to slide in contact with a restriction surface of
the inside periphery of the seal cover.

8. The mechanical seal according to claim 2, wherein the
inert gas 1s nitrogen gas.

9. The mechanical seal according to claim 4, wherein the
inert gas 1s nitrogen gas.

10. The mechanical seal according to claim 1, wherein the
device comprises a hot water pump or a hot o1l pump.
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